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@ Detector for sensing and/or measuring passing objects. 

@ A detector for sensing or measuring objects passing a 
measurement path (5) has a detection element (6), the output 
signal of which is a function of objects discovered in the 
measurement path. Said output signal is fed to an amplifier and 
filter circuit (7-9), the output of which Is connected to two 
parallel Integration circuits (11, 12). The integration circuits have 
time constants ( xsh, tl) of different magnitudes, and their 
output signals are fed to a comparator (13) for obtaining an 
operative signal indicating the presence of an object in the 
measurement path, this signal being unresponsive to long-dur- 
ation fluctuations in the detector's operating conditions, e.g. 
dirtying of the detection element. 



^f 1 




Q. 

UJ 



Bundesdnjckerei Berlin 



1 



0 290 413 



2 



Description 



Detector for sensing and/or measuring passing objects 



Technical Field 

The present Invention relates to a detector for 5 
sensing and/or measuring objects passing the 
measuring path of the detector. A detector element 
is disposed at one defining surface of the measuring 
path for catching radiation sent from a beam source, 
which may be the objects which are to be sensed 10 
and/or measured, or a source connected to the 
detector circuit and emitting optical or other radia- 
tion. The detector element is connected to an 
electrical amplification and filter circuit, which is 
included in the mentioned detector circuit and Is 15 
connected to two integration circuits. The output 
signals from both integration circuits are fed to a 
comparator. The output signal received from the 
comparator at an object alarm circuit indicates 
thereby possible presence of objects in the measur- 20 
ing path of the detector independent of fluctuation of 
a durable nature in the operating conditions of the 
detector. 

Background Art 25 

Such detectors are already known within various 
fields of activity, from sensing objects passing by on 
a continuous conveyer to sensing particles in 
flowing air or liquid media, see e.g. European patent 
applications Nos. 0 021 1 63 and 0 1 94 243. A problem 30 
said to be solved by these known detectors is that 
their operational signal will be compensated for 
changes dependent on ageing of the components 
used, temperature variations and dirtyness of the 
radiation source and/or the detector element. 35 

In connection with a digitalized smoke detector it 
has been proposed that a separate signal is taken 
out for indicating that the function degree of the 
detector is restricted to an inacceptable level, see 
e.g. U.S. Patent No. 4,317,113. The known detector 40 
having dirtyness compensation and level detection 
includes a rather complicated circuit arrangement. 
Furthermore, the signal indicating the dirty degree is 
taken out at a point downside of a special compara- 
tor unit to be able to be used as a function alarm via a 45 
complicated circuit net. It involves a complicated and 
uneconomic arrangement for obtaining an accurate 
level indication. 
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The purpose with the detector according to the 
present invention is to suggest an improved and 
simplified circuit arrangement to obtain reliable and 
accurate signal Indications with respect to detected 
objects as well as to the present dirty degree. 55 

The purpose is compiled with by having the output 
of the integrator circuit with long time constant In the 
detector according to the Invention connected to 
besides one of the inputs of the comparator also to a 
reference level means Included in the object alarm 60 
circuit to determine the threshold level to be 
reached before indicating presence of an object, 
and to an amplifier within the function alarm circuit 



which by being below a predetermined threshold 
level generates an alarm signal Indicating too heavy 
dirty degree. 

Thus, to use the output already dpresent at the 
one integrator circuit, which in known manner Is 
coupled to the comparator to be compared with the 
output from the other integrator circuit, for further 
two purposes It has been possible by the present 
invention to simplify the circuit. Simultaneously a 
greater degree of precision has been obtained by 
having one and the same output signal used directly 
for these three purposes. 

The use of the word "object" in this application is 
intended to apply to all that can be sensed by a 
detector of the kind in question. Accordingly, the 
"object" may be goods such as glass bottles on 
manufacturing or filling lines, packets or letters on 
sorting conveyors, details conveyed on belt con- 
veyers for assembly etc. The "object" can equally as 
well constitute smoke particles in ventilation air, 
fibres in liquid conveyers etc. Other categories of 
"objects' intended to be covered are self-emitting 
particles in blood, burner flames in an oil burning 
furnace etc. 

Further developments and preferred embodi- 
ments are defined by the dependent claims. 

The detector in accordance with the invention has 
been implemented with the goal that faulty sensing 
and faulty measurement shall be eliminated, but that 
high sensitivity shall be retained in ail situations. 
Faulty signals are caused by external interference, 
by the sensitiveness of the detector increasing with 
the degree of dirtying and by the ageing of the 
components Included. However, the inventive detec- 
tor has constant sensitivity, irrespective of the 
degree of dirtying or the ageing of the components. 
In addition, its immunity to outside disturbances is 
uniquely high. The following general advantages can 
thus be noted for the inventive detector: 

a) It is able to function with a very high degree 
of dirtying, up to 99 o/o, with retained sensitivity 
and an automatic linear compensation; 

b) It has an analogue output for continuous 
measurement of the degree of dirtying. Using a 
relay output, a service alarm can be obtained 
when dirtying has attenuated the useful signal 
by 90 o/o, for example; 

c) It has great insensitivity to disturbances, 
e.g. such as can be caused by thunder. 
Accordingly it does not give any "false alarms" 
due to: 

-dirty detector element 

- temperature variations, even rapid such 
variations 

- normal (continuous) illumination 

- mechanical shocks and vibrations 

- power supply disturbances transients or 
power failures 

- currents in earth loops 

- spark discharges (ESD) 

- radio-frequency interference (EMI) 
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-electromagnetic pulses (EMP); 

d) It also retains its sensing or measuring 
ability during exposure to disturbances. 

When the detector is implemented for use as a 
smoke detector in such as ventilation ducts, accord- 5 
ing to the independent claim 8, there are further 
advantages to the general ones listed above, these 
advantages being: 

e) It is able to detect ail visible smoke, even 
completely black smoke ; w 

f) It has constant sensitiveness for the 
detection of smoke within a large air speed 
range, i.e. 0.2 -20 m/sec. Smoke from a 
smouldering fire in still air (0 m/sec.) can also 

be detected, when the smoke is often hete- is 
rogeneous due to the thermic conditions pres- 
ent in ventilation ducts ; 

g) Fitting the detector into a ventilation duct 
and adjusting the inwardly projecting length is 
simple, and only one hole in the ducts is 20 
needed; 

h) It is easy to handle since it lacks radio 
active isotopes; 

i) It is simple to clean, when needed after a 
service alarm has been given. It is estimated 25 
that cleaning does not need to take place more 
often than every fifth year, even in a dirty 
environment. 

Preferred Embodiment 30 

The detector In accordance with the present 
invention will now be described in more detail below 
with reference to the accompanying drawings, which 
illustrate a preferred embodiment of the detector, 
which for this example has been designed for smoke 35 
detection in ventilation ducts. It should be emphas- 
ized, however, that the drawings and description in 
conjunction therewith solely relate to an embodi- 
ment example where this has been applied to a 
conceivable field of use. On the drawings : 40 
Figure 1 Is a block diagram for a smoke 
detector in accordance with the invention, 

Figure 2 is a circuit diagram for an embodi- 
ment of the electrical circuit characterizing the 
present invention, and " 45 

Figure 3 schematically illustrates an embodi- 
ment of the mechanical implementation of a 
smoke detector formed in accordance with the 
invention. 

In Figure 1 a block diagram is shown for a variant 50 
etector in accordance with the invention applied to a 
field of use, namely as a smoke detector in 
ventilation ducts. Pulsed IR light is used as measure- 
ment radiation 1 through the air stream 2. The IR light 
source 3 and its oscillator 4 are arranged at one 55 
defining surface of the measurement path 5, and an 
IR detector element 6 is arranged at the opposing 
defining surface of the measurement path 5. 

The detector element 6 is connected to a first 
amplifier 7 and a high-pass filter 8 for eliminating 60 
noise. The output signal from the high-pass filter 8 is 
fed to a second amplifier 9, the output 10 of which is 
connected to two parallel integration circuits 11, 12. 
The integration circuits 11, 12 have different time 
constants tsh and t l respectively. Suitably, the 65 



relationship between tsh and tl is between 1 :100 and 
1 :1000. The short time constant tsh must not be too 
long, since the fluctuations cannot then be regis- 
tered, but neither shall it be too short, smce the 
integration circuit 11 then becomes too sensitive. 

The output signals from the integration circuits 1 1 , 
12 are fed to a comparator 13, which sends a signal 
to a discriminator 14. When an object, in this case 
smoke, is present at the measurement path 5, the 
discriminator 14 sends a pulse signal to the 
operational signal output 15 of the detector, denoted 
here by a current load 16. 

The output signal from the integration circuit 12 
having the long time constant tl is also utiiized for 
determining the degree of dirtying for the detector. 
Accordingly, its analogue output signal is taken to an 
amplifier 17, the output signal level of which 
constitutes a measure of the detector dirtyness. 

The analogue output signal from the integration 
circuit 12 is also utilized as the threshold signal for 
the discriminator 14. 

An embodiment of the detector is illustrated in 
Figure 2 in a more detailed electrical circuit diagram 
for the part of the detector circuit constituting what 
is characteristic for the invention. Accordingly, the 
output 10 of the second amplifier 9 (Figure 1) is 
illustrated, being connected to the parallel integra- 
tion circuits 11, 12. As will be seen from Figure 2, in 
this embodiment each integration circuit 11, 12 
includes respectively a resistor R10 and R11 and a 
capacitor C3 and C4. The time constants tsh and tl 
of the circuits are determined here by the value of 
the capacitors C3, C4, which have been given the 
value 1uf and 1000nf. The integration circuit 11 with 
the short time constant tsh has its output connected 
via the output resistor R12 to an amplifier and filter 
circuit 18, the output signal of which is taken to an 
integration network 19. The integration network 19 
corresponds in this circuit to the discriminator 14 in 
the block diagram according to Figure 1, and is used 
to set the reference Ivel, and the output of the 
network is connected to one input of the comparator 
13. The second input of the comparator 13 is 
connected to the output of the integration circuit 12 
with the long time constant tl. The operative signal 
for the presence of objects is taken out via the 
current load 16, here depicted as a resistor R23. 

As in the block diagram according to Figure 1, 
there is an output terminal 20 for obtaining via an 
analogue output signal a measure of the degree of 
dirtyness for the detector. The terminal 20 may be 
connected to an indicator lamp in an alarm centre, 
which has a predetermined percentage, e.g. 90 o/o, 
for the degree of dirtyness this percentage being set 
by the resistor R30, the lamp indicating that cleaning 
of the detector element 6 and/or the IR source 3 is 
required. The operative signal output 15 Is also 
suitably connected to the alarm centre for actuating 
a smoke-indicating alarm means there. 

A practical embodiment of the detector in accord- 
ance with the invention is schematically illustrated in 
Figure 3, the implementation being for smoke 
detection in this case as well. The electrical circuit, 
corresponding to the block diagram in Figure 1 and 
circuit diagram in Figure 2, is arranged on a printed 
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circuit board 21. The IR light source 3 as well as the 
IR detector element 6 are arranged at one end 
surface of the measuring path 5, where the circuit 
board 21 is terminated by temperature compensat- 
ing means 22 in the form of a brass block. Both the 
IR light source 3 and the IR detector element 6 are 
placed in the brass block 22. The other end surface 
of the measuring path 5 is formed by a reflector 
surface 23. 

A cylindrical tubular casing 24, preferably of 
aluminum, surrounds the circuit board 21 and 
measuring path 5 and is terminated by an end 
closure 25, the internally disposed surface of which 
constitutes said reflector surface 23. The tubular 
casing 24 has a plurality of rows of holes around Its 
circumference The number of the rows corresponds 
to the length of the measuring path 5. Each row 
preferably includes seven holes 26, these holes in a 
row being staggered relative the holes in adjacent 
rows by a predetermined spacing, preferably corre- 
sponding to one third of the hole diameter for six 
rows. 

in Figure 3 the detector is shown fitted to a 
ventilation duct 27 by being inserted in an opening in 
the duct wail. Attachment of the detector is by a 
flanged collar 28, surrounding the casing 24, and 
with its flange 29 sealing the opening in the duct wall. 
The position of the collar 28 on the casing 24 is 
adjustable and can be fixed by a set screw 30. The 
outwardly projecting end of the casing 24 has 
electrical connection leads including the signal 
outputs 15 and 20 and power supply to the electrical 
circuit 

The smoke detector, accounted for above as an 
example of the Invention, operates according to the 
obscuring principle and is intended for smoke 
detection in ventilation ducts, where it even detects 
black smoke. The smoke passes through an infrared 
optical beam. An IR LED is used as the IR source 3, 
and the detector element 6 is an IR photo diode. The 
optical beam is attenuated If smoke penetrates Into 
it. The IR photo diode detects a decreased received 
optical effect caused by smoke absorbing part of the 
IR light. If the derivatives of the optical signal change 
are sufficiently great during a given measuring time a 
smoke alarm is indicated. This takes place when the 
smoke derivatives exceed a preset (via 14 or 19) 
threshold value in the smoke detector during 
measuring time. The optical signal obtained is 
analyzed in the measurement electronics by being 
integrated in 1 1 and 12 during a short anda long time 
respectively. If the difference between these two 
signals with different integration times is sufficiently 
great the alarm is triggered. The time sequences for 
dirtyness compared with smoke detection are 
entirely dissimilar. By measuring these two sequen- 
ces both the degree of dirtyness and presence of 
smoke can be registered. 

The signal obtained by integration during a long 
time, I.e. with the large time constant xl, is equal to 
the average value of the transmission of the optical 
signal. This analogue output signal 0 - 10 V is linear 
with the degree of dirtyness on the opto-compo- 
nents. Full transmission without dirtyness gives 10 V. 
With increased dirtyness the analogue signal falls 



successively towards 0 V, which corresponds to a 
completely blocked beam. 

A service alarm Is triggered, e.g. when only 10 o/o 
transmission (90 o/o dirtyness) remains, i.e. when the 
5 analogue signal has fallen to 1 V. 

In this way the detector can detect smoke with 
retained sensitivity, despite a very high level of 
dirtyness and as much as 99% dirtyness. This 
corresponds to a transmission of only 1 % of the 
10 original optical effect for a clean detector. The ability 
to detect smoke is thus retained by a good margin, 
even after the service alarm has been triggered. This 
guarantees high operational reliability without false 
alarms. 

15 Temperature variations for both high and low 
temperatures are also compensated for by this 
measuring procedure of always allowing the mean 
level of the optical signal to be the reference 
measured against when the difference Is formed 

20 against the short integration time. It contains signal 
information as to the rapid optical fluctuations 
occurring by the smoke having different, spotty local 
optical density. Such local spotty variations in smoke 
concentration occur due to thermal conditions and 

25 varying densities of air and smoke. This effect is 
amplified in a flowing medium, e.g. the air stream in 
ventilation ducts 27. In such situations there is 
friction and light reflection In air layers at different 
pressures, air speed or temperature. To enable 

30 measuring these small and rapid alterations in the 
optical transmission, an optical detector is needed 
which can resolve these signals in time, i.e. a 
detector in accordance with the invention. (In optical 
detector of the prior art, these rapid fluctuations are 

35 normally integrated out, and then cannot be time-re- 
solved). 

The detector has been described hereinbefore in 
detail in connection with an embodiment for a 
conceivable field of use. As already mentioned, the 

40 principle for the detector can be used in widely 
different fields of use. Although optical IR radiation is 
a preferred detection means, the principle of the 
invention is also applicable to other radiation, it has 
been stated hereinbefore that the position of the 

45 light source is not critical for the invention, which 
operates either directly or indirectly, i.e. with a 
reflected radiation beam. It is not necessary to use a 
speciaJ refiectorfor reflection, and the latter can take 
place against the object which is to be sensed. An 

50 other conceivable radiation source is the object 
itself. One skilled in the art will easily understand that 
the diagrams discussed here can be modified 
without departing from the inventive concept. The 
description given hereinbefore and the embodiment 

55 exemplified on the drawings are therefore not to be 
regarded as restricting the invention and the scope 
thereof defined in the following claims. 



60 

Claims 



1. A detector intended for sensing and/or 
65 measuring objects passing the detector 
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measuring path (5), where at one defining 
surface of which a detector element (6) Is 
disposed for catching radiation sent from a 
beam source (3), said detector element being 
connected to an electrical amplifier and filter 5 
circuit (7 - 9) and the signal from said circuit 
(7-9) is taken to two integration circuits (11, 
12) having mutually different time constants 
(tsh, tl), the output signals of which being taken 
to a comparator (13) for obtaining of an output w 
signal at an object alarm circuit (13, 14, 15; 18, 
19, 13, 15) which Indicates the possible 
presence of an object Irrespective of long 
duration fluctuations in the operating conditions 
of the detector, said detector being charac- 15 
terized in that the output from the Integration 
circuit (12) with the long time constant (tl) also 
is connected to a reference level means (14; 19) 
Included in the object alarm circuit (13, 14, 15; 
18, 19, 13, 15) and being connected to the 20 
output of the comparator (13) for determination 
of the threshold level to be reached before 
indicating presence of an object, and to an 
amplifier (17) within a function alarm circuit (17, 
20) which sends an analogue output signal 25 
indicating the long duration operational condi- 
tions of the detector, such that when the signal 
fails below a threshold level an alarm signal is 
triggered. 

2. The detector according to claim 1 , charac- 30 
terized in that said reference level means (14) is 

in form of a discriminator coupled between the 
comparator (13) and an alarm signal output (15) 
for detection the presence of object. 

3. The detector according to claim 1 , charac- 35 
terized in that said reference level means (19) is 

in form of an integration network including two 
serially coupled resistor (R19, R33) coupled in 
parallel with a capacitor (C16) and having an 
input signal received through an amplifier and 40 
filter circuit (18) from the integration circuit (11) 
with long time constant (tl). 

4. The detector according to claim 3, charac- 
terized in that the relationship between the time 
constants (tsh, tl) of the integration circuits 45 
(11, 12) is between 1:100 and 1:1000. 

5. The detector according to claim 1, charac- 
terized in that the radiation source (3) and the 
detector element (6) are arranged in a common, 
temperature-compensating means (22), one 50 
side of which forms the end surface of the 
detector measurement path (5) passed by the 
objects which are to be sensed and/or 
measured, the detector element being adapted 

for sensing the reflected radiation from the 55 
radiation source. 

6. Tha detector according to claim 5, charac- 
terized in that the temperature compensating 
means (22) comprises a metal block, preferably 
made from brass. so 

7. The detector according to claim 5, charac- 
terized in that the other end surface of the 
measurement path (5) Is formed by a reflector 
(23), the objects passing both the forward and 
return radiation, and in that the temperature 65 



compensating means (252) is arranged at the 
end of- a printed circuit* board (21) which carries 
the electrical circuits of the detector. 

8. The detector according to Gfehn 7, and 
Intended for use in such as veritltatioh <Jucts 
(27), characterized in that the printed 'tfrcult 
board (21) is accommodated in a tubuter casfng 
(24), with Its outer end closed witrVttie aid of a 
body (25) forming with Its inward surface said 
reflector (23), the casing having alorfg its 
cylindrical surface uniformly distributed holes 
(26), the extension of which in the longitudinal 
direction of the casing corresponcflrig ! to the 
length of the measuring path (5). 

9. The detector according to claim 8, charac- 
terized in that the uniformly distributed holes 
(26) form six rows with seven hdtes in each, the 
holes In ohe row being staggered bya distance 
corresponding to 1/3 of the width of the hole 
relativle the holes in adjacent rows. 
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© Detector for sensing and/or measuring passing objects. 



© A detector for sensing or measuring objects 
passing a measurement path (5) has a detection 
element (6). the output signal of which is a function 
of objects discovered in the measurement path. Said 
output signal is fed to an amplifier and fitter circuit (7 
- 9), the output of which is connected to two parallel 
integration circuits (11, 12). The integration circuits 



have time constants ( t S h. n) of different mag- 
nitudes, and their output signals are fed to a com- 
parator (13) for obtaining an operative signal indicat- 
ing the presence of an object in the measurement 
path, this signal being unresponsive to long-duration 
fluctuations in the detector's operating conditions, 
e.g. dirtying of the detection element 
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